
Florida Bay Innerbasin Study

Transport and Exchange

of Florida Bay Interior Waters



Florida Bay & Everglades National Park



The Problem
• Florida Bay is located downstream of the 

Everglades discharge that has been altered 

over the past century due to South Florida 

land uses practices.

• The salinity of Florida Bay has undergone 

dramatic changes. 

• Salinity values reached their most extreme, 

up to 70, in the late 1980s, concurrent with 

ecological changes in Florida Bay including 

degradation of water quality and a mass 

sea-grass die-off.



Question
• How and at what rate do storms, changing 

fresh water flows, sea level rise and local 

evaporation-precipitation patterns influence 

circulation and salinity patterns within 

Florida Bay and exchanges between the bay 

and adjacent waters ? 

Florida Bay Science Program



Proposed Research 

Objectives

• Multi-institutional study to resolve the 

volume and salt transports in Florida Bay.

• Compute volume transport, salt balances 

and resident times in the Bay.



Florida Bay



Florida Bay Regions
Central Basin (Whipray)NE BasinWest Basin



Florida Bay Bathymetry

Average Deep 1.5 m



Florida Bay Banks

Mud Banks are primarily 

responsible for the 

Large fall-off in Tidal Range

~ 1.5 M

~ 2 - 5 CM

~ 1 M
Tidal Range

Mud Banks



Fresh Water Inputs



Daily average fresh water discharge to Florida Bay for 2001. 
Data provided by U.S. Geological Survey, South Florida Ecosystem Program, 

Information Access Site (USGS, 2005).

Daily average fresh water discharge (2001)



Monthly average fresh water fluxes to Fla. Bay from long-

term (25 years) measurements. (Nuttle et al., 2000).
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Seasonal cycle of monthly average salinity 

for the four regions of Florida Bay

from Kelble et al., 2006

7 year data

from Nuttle et al., 2000

31 year data



Moored instrumentation sites from recent studies of the inner 

basin circulation and exchange processes in northeast, north-

central, and western basin sub-regions of Florida Bay. Also shown 

are USGS transport and river discharge measurement stations.



The Boat R/V Virginia K



Instruments (The Boat)

ADCP

TSG

Fluorometer

Transmissometer



Instruments (The Moorings)

Up looking

ADCP Side looking

ADCP

Microcat

SBE 37

Mooring



Instruments (The Drifters)

Drifter Deployment

Drifter Recovery

Shallow Water

Drifter



Central Basin 

Florida Bay



Location of Central Basin Measurement Stations



Central Basin 

Surface Salinity
from high-resolution surveys 

of the R/V Virginia K using 

continuous underway 

measurement for: 

A) Mar. 28 dry season; 

B) Jul. 16 near the end of the 

dry season; 

C) Sept. 16 wet season; and 

D) Oct. 28 near the end of wet 

season 2001. 

Vessel track shown with 

dotted line. 

Surface drifter trajectories 

shown with red arrows. 

Hypersalinity



Time series of the 

Central Basin average 

salinity during dry and 

wet seasons of 2001 

from R/V Virginia K 

spatial surveys.

Hypersalinity



Florida Bay 

Surface Salinity

from 2001 monthly surveys of the 

R/V Virginia K using continuous 

underway measurement for: 

A) March 22-23 dry season; 

B) July 11-12 near the end of 

the dry season 

C) October 16-17 wet season. 

Vessel track shown with dotted 

line. 

Hypersalinity

Dry Season

Wet Season



Location of ENP marine monitoring stations in Florida Bay (triangles), 

CMAN/SeaKeys wind stations (squares), and the location of fresh water 

discharge points (arrows) superimposed on the bays bank/basin 

configuration (yellow/white) and mangrove islands (green). 



Florida Bay 

Hypersalinity Event 

(2001)

Daily

Salinity Fields 
Gridded and Contoured 

Derived from the E.N.P. 

monitoring array. 

Fresh Water inflow from 

the U.S. Geological Survey 

are shown with circles. 



Linear regression 

of along-channel 

currents against 

volume transport
measured with shipboard 

ADCP transects across the 

current meter sites at 

Topsy (top) and Twisty

(bottom) transects during 

the wet season of 2001. 

Moorings Current - Transport

Coefficient of 

Determination



Channel Volume Transports

Wet Season

3 hour low-pass filtered volume 

transports derived for the major 

flow channels to the Central Basin 

for a one month period from the 

2.5 month total record of the wet 

season 2001. 

Positive values are inflows and 

negative are outflows. Also shown 

are east-west and north-south 

wind components from the 

NWFB SeaKeys site. 



40 hour low-pass 

filtered NWFB wind 

components and 

volume transports
through CB flow channels 

during wet season 2001. 

Positive values are inflows 

and negative are outflows. 



Linear regression between subtidal time series of east-

west wind and transports through Central Basin flow 

channels during the wet season 2001.



Florida Bay Sea Level Anomaly Movie

Gulf of Mexico Florida Keys 

NE BasinAverage weather conditions

Hourly 

Sea Level

Fields 
Gridded and 

Contoured 

Tide constants 
Derived from 

the E.N.P. 

monitoring 

array. 



Subtidal sea level time series from selected stations of the ENP monitoring array 

and winds for the NWFB SeaKeys station, rotated 50º into along-bay axis and cross-

bay axis components (along-axis winds + toward 50º and cross-axis winds + toward 140º. 

Sea level stations were selected to provide coverage of the entire bay. 

Hurricane 

Gabrielle

Sea Level Effect 

Hurricane 

Gabrielle



Sea Level Anomaly Movie

Hurricane Gabrielle (2001)

Gridded and Contoured Sea Level Fields

Gridded and 

Contoured 

Sea Level 

Fields

Derived from the 

ENP monitoring 

array for fall 

2001 wind events. 

Winds from the 

NWFB SeaKeys

station are shown 

with black 

arrows. 



Gridded and Contoured 

Sea Level Fields

Derived from the ENP monitoring 

array for fall 2001 wind events. 

Winds from the NWFB SeaKeys

station are shown with black 

arrows. 

Hurricane

Gabrielle

High Press.

System

Cold

Front

Wind Events and 

Sea Level in Fl. Bay 

(2001)



Subtidal time series of the 

Total Volume Transport (QT)

into (+) and out of (-) Central 

Basin derived from gridded sea 

level fields, 

shown with east-west (U) and 

north-south (V) winds 

for dry (a) and wet (b) seasons 

of 2001.



Wet season 2001 subtidal

time series of the:

Total channel flow (Qc) and 

Total bank flow (Qb) (top 

panel); 

Total bank flow plotted 

with along-axis winds 

(middle panel); and 

Total channel flow plotted 

with winds rotated 80deg 

(bottom panel).

QT = Qc + Qb



Seasonal and annual means of Total Transport (QT) from 

Central Basin sea level monitoring data, total measured 

channel transport (Qc) and residual bank transport (Qb) from 

Qb = QT - Qc in m3/s for 2001. 

[Mean volume of Central Basin is 56.55 x 106 (m3).]



Wind

transport

Ground

water

inflow

River 

discharge Precipitation Evaporation Total Transport

QT = Qw + Qg + r + P + E



Q'i = (∂SWB/∂t + SoR')/( Si - So)
Qi = Water Inflow; 

Si and So = Ave. S of the inflow and outflow waters in Central Basin

R = Net supply of fresh water; r = River discharge; P = Precipitation; E = Evaporation

Water 

Renewal 

Time

Rate 

Volume 

Exchange

Rate 

S

Change

Fresh 

Water 

Supply

Average 

S 

Inflow

Average 

S 

Outflow



NE Basin 

Florida Bay



Location of NE Basin Measurement Stations



Drifters Deployment

Wind



Salinity Surveys  (NE Basin & Florida Bay 2002 -2003)



Salinity and Fresh Water Discharge
(NE Basin 2002 - 2003)



Channels Transport and Wind

Wet Season

Dry Season



into (+) and out of (-) NE 

Basin derived from sea level 

fields.

(U) east-west and 

(V) north-south winds. 

(A) wet 2002 

(B) dry seasons 2003.

Subtidal time series of the 

Total Bank Transport (QBT) and 
Total Channel Transport (QChT)



Seasonal and annual means of Total Transport (QT) 

from NE Basin volume anomalies data, 

total measured channel transport (Qc)

and residual bank transport (Qb) from 

Qb = QT - Qc in m3/s 

for 2002. 
[Mean volume of NE Basin is 4.41 x 108 (m3).]



West Basin Florida Bay



West Basin Florida Bay Mooring Array



Virginia K W Basin and Monthly Survey



Salinity Surveys
(W Basin - Fl. Bay)



Salinity Survey (W Basin & Florida Bay)

S Max 

Jul 15 2004

Jun 04

Jan 05



Salinity Surveys  (W Basin & Florida Bay)

S Max 

Jun 15 2005

Feb 05

Jul 05



Salinity Surveys (W Basin)



Drifter Deployments



Drifter Deployments



Drifter Deployments



Drifter Deployments



Drifter Deployments



Moorings

Wet Season 

Jun Dec 2004



Hurricanes Frances & Ivan

NW Fl Bay

Station



Salinity Time Series



Moorings

Hurricane

Frances
Hurricane

Frances

Hurricane

Ivan



Florida Bay West Basin Wet Season 2004 

 
Linear Regression: Analysis associated with a model of the form Y = mX + c + error 

 

Chlorox Channel 

Q - Chlorox = 4.711 V(X) Chlorox - 2.909
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Y Channel 

Q - Y = 2.938 V(X) Y Channel - 14.177
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Summary       Confidence Ints.     

        Level 0.95 R2 0.89159 
    Estimate SE Lower Upper s  53.1038 

Slope   4.71107 0.5195 3.55358 5.86856     

Constant   -2.90879 16.378 -39.402 33.5846     

Summary       Confidence Ints.     

        Level 0.95 R2 0.92209 
    Estimate SE Lower Upper s  19.2568 

Slope   2.9379 0.2701 2.33617 3.53963     

Constant   -14.1771 5.9872 -27.517 -0.8369     

Moorings Current - Transport



Moorings Transport



Moorings 

Dry Season 

Dec 2004 – Jun 2005



Salinity Time Series



Moorings Current



Florida Bay West Basin Wet Season 2004 
 

Linear Regression: Analysis associated with a model of the form Y = mX + c + error 
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Summary Confidence Ints.

Level 0.95 R2 0.988736

Estimate SE Lower Upper s 19.04195

Slope 4.927823 0.18596 4.49899 5.35665

Constant 20.35956 6.09239 6.31047 34.4086

Chlorox Q = 4.928 Chlorox Vel(X/E) + 20.36
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Summary Confidence Ints.

Level 0.95 R2 0.942029

Estimate SE Lower Upper s 10.27025

Slope 2.284709 0.18892 1.85734 2.71208

Constant -4.713415 3.12863 -11.791 2.36404

Y Channel Q = 2.535 Y Channel Vel(X/E) + 5.594
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Summary Confidence Ints.

Level 0.95 R2 0.991015

Estimate SE Lower Upper s 8.144103

Slope 2.53462 0.08533 2.33786 2.73138

Constant 5.593832 2.58791 -0.3739 11.5616

Moorings   Current - Transport



Moorings Transport

Cold

Front
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Florida Bay Transports
Annual Mean Volume Transports in Florida Bay and Keys (blue arrows).

Estimated Mean Flow Pathways (red arrows).

River Discharge (black arrows).

Estimated Bank Flow (pink arrows). Transports in m3/s .



http://www.aoml.noaa.gov/sfros/database/

http://www.aoml.noaa.gov/sfros/database
http://www.aoml.noaa.gov/sfros/database


Conclusions
In the Central Basin 2001:

• Dry Season - eastward winds produce mean through-flow of 11 m3/s and basin renewal 
times of 2-3 mo.

• Wet Season – westward winds cause mean through-flow of 3 m3/s and basin renewal 
times of 6-7 mo.

• Flushing time for complete water renewal ~= 6-12 mo.

In the NE Basin 2002-2003:

• Dry Season - eastward winds produce mean through-flow of 31 m3/s and basin renewal 
times of 5.5 mo.

• Wet Season – westward winds cause mean through-flow of 13 m3/s and basin renewal 
times of 12 mo.

• Flushing time for complete water renewal ~= 6-12 mo.

************************************************************************************************************

• Water renewal and residence times in Florida Bay are primarily controlled by local wind 
forcing.

• Hypersalinity development in north-central Florida Bay results from reduced fresh water 
inputs during the dry season coupled with poor exchange with surrounding regions.

• Hypersalinity development  in Fl. Bay could be regulated by redirection of a portion of 
Everglades flow to Whipray Basin via McCormick Creek during the dry season.



Publications



For the Future ?

Florida Bay Transport and Salinity Patterns

With all results of the Florida Bay Inner-basin studies, the 

transports in the Keys and the results of 10 year studies in the 

region.

Authors: All of us.

Future Efforts
• Integration of the field data with circulation and salinity 

models.

• Develop a web of real time stations to monitor the Bay 

System and feed the models.

A possible synthesis document:



Quick view of the:

SOUTH FLORIDA REGIONAL 

OBSERVING SYSTEM (SF-ROS)

Libby Johns

Ryan Smith

Nelson Melo

Chris Kelble

Ulises Rivero

Grant, Andy, Pedro, Robert, Kyle, …





www.aoml.noaa.gov/sfp



http://www.aoml.noaa.gov/sfp/data_archives.shtml



DATA



REAL-TIME INSTRUMENTATION
Looe Reef Moser Channel Aquarius



REAL-TIME CURRENTS AND WATER QUALITY MONITORING in the Florida Keys 

National Marine Sanctuary (FKNMS)

Data



http://www.aoml.noaa.gov/sfros/drifters

Drifter Trajectories



http://looekeydata.net/

Real Time Stations



Real Time Stations

http://www.aoml.noaa.gov/sfros/moser/



http://www.aoml.noaa.gov/sfros/conch/

Real Time Stations



http://www.aoml.noaa.gov/sfros/conch/



Real Time 

DATA

http://www.aoml.noaa.gov/sfros/conch



Real Time 

DATA

http://www.aoml.noaa.gov/sfros/conch



Real Time 

DATA

http://www.aoml.noaa.gov/sfros/conch



Thanks !


